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Electron Ion Collider is a future high energy facility for studies of the structure of the nucleon. 
Three-dimensional parton structure is one of the main goals of EIC. In momentum space Transverse 
Momentum Dependent Distributions (TMDs) are the key ingredients to map such a structure. At 
leading twist spin structure of spin-1/2 hadron can be described by 8 TMDs. Experimentally these 
functions can be studied in polarised SIDIS experiments. We discuss Sivers distribution function 
that describes distribution of unpolarised quarks in a transversely polarised nucleon and transversity 
that measures distribution of transversely polarised quarks in a transversely polarised nucleon. 
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Electron Ion Collider (EIC) is proposed by EIC Collaboration [lj that includes more than 100 physicists from over 
y-^ \ 20 laboratories and universities. 

■ EIC at medium - high energy of y/s ~ 20-^70 GeV will allow high precision measurements with polarised proton and 
\Q ' ion H, D, He 3 , Li beams. Luminosity will be ~ 10 34 sm _2 s _1 which is comparable to that of fixed target experiments 
OA . and is unprecedented for a collider. 

Three-dimensional parton picture of the nucleon is one of the main goals of an EIC and such a three-dimensional 
' (— | ', distribution can be mapped by studying Transverse Momentum Dependent distribution functions (TMDs). TMDs 
fS depend on two independent variables: fraction of hadron momentum carried by parton, x, and intrinsic transverse 
' \ momentum of the parton, p T . 

The quark-quark distribution correlation function is defined as [2, 3] 
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with p + = xP + , P + = (P° + P 3 )/\/2 is the big component of proton's momentum. U is the gauge link (Wilson line) 
that assures color gauge invariance of the correlator 

Corresponding distribution functions can be obtained by projecting the correlator onto the full basis of 7 matrices 
<I>[ r l = iTr[$L]. At leading twist (expansion in P + ) the spin structure of the proton can be described by 8 TMDs 
(see [1, H| and references therein): 
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here the projections arc done with respect to the quark's polarisation, 4>I 7 1 is distribution of unpolarised quarks, 
<p[7 + 7s] j s distribution of longitudinally polarised quarks and $^ <T +1 ^(x,p?r) is the distribution of transversely po- 
larised quarks. 

Experimental data are available from fixed target SIDIS iP(S P ) -> i'hX experiments HERMES and COMPASS. 
BELLE experiment provides data on e + e~ — > hih 2 X annihilation. RHIC has data on spin asymmetries in hadron 
production P(Sp)P — > hX. Future experimental data ah high- a; will come from JLab. 

One of the main advantages of EIC is a wide kinematical region in x — Q 2 and z — Ph± variables, see Fig. [TJ The Q 2 
range will allow us a unique opportunity to study evolution of TMDs. Low-high P^± range is a possibility to study 
intcplay of TMD Q and collincar [j| @ factorization schemes. 
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FIG. 1: Kinematical coverage in x — Q 2 and z — P h ± of EIC at i/s = 20 GeV. 
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FIG. 2: Fit [H of HERMES [| (left panel) and COMPASS [3 data (right panel). 



Electron Ion Collider will allow us to study sea quark and gluon TMD distributions and Q 2 range will allow us to 
study evolution of TMDs. 
Transversity 

Transversity distribution hi(x,pj<) Q describes distribution of transversely polarised quarks inside a transversely 
polarised nucleon. Tensor charge measures net transverse polarisation of quarks 



(5) 



5 T q = / dx(hi q (x) - hig(x)). 



In SIDIS transversity can be measured together with chiral-odd fragmentation function H^- q (z, kj-) so-called Collins 
fragmentation function Q 
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where <ph and <ps are azimuthal angles of produced hadron and target polarisation vector with respect to lepton 
scattering plane. 

Experimental data on SIDIS asymmetries A^ (0h+0s) from HERMES, COMPASS collaborations HQS and e+e" -> 
hih,2X data from BELLE collaboration allow extraction[l2|,[l3| of transversity and Collins fragmentation function. 
In Fig. H we show the best fit to the HERMES H and COMPASS [nj data, respectively 

We include one of the two sets of Belle data either A±2 or A$ data, see for details Refs.fl^. [l3|. In this analysis 
we use A 12 data, the cos(</>i + 02 ) method. 



e H l Jzi) H lq (z2) 

Ai 2 (Zi,Z2,0,<p 1 + <p2) OC COs(0i +0 2 ) ^ 2Tr~f~\m~^ ' ( 7 ) 

here </>i and 02 are azimuthal angles of produced hadrons hi and /i 2 with respect to the plane formed by the quark 
thrust axis and electron-positron pair, in a so-called Collins-Soper frame. 

The extracted values of tensor charge are S T u = 0.54+g;^, S T d = — (0.23±g;?|) at Q 2 = 0.8 GeV 2 . 
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FIG. 4: Left panel: Sivers function as three dimensional parton distribution. Right panel: Sivers functions for u and d quarks 
from extraction of Ref. [26| . 



In Fig. [3]we plot tensor charge and transversity distributions compared to models. As can be seen from Fig. [3] the 
experimental precision is still not good enough to discriminate among models. Anti-quark transversity distributions 
and Q 2 dependence of asymmetry is not yet known experimentally. JLab data will allow to expand x range of 
transversity extraction. Electron Ion Collider will be able to shed light on anti-quark distributions. 
Sivers distribution function 

frr{x,PT) is so-called Sivers function [Hj], it describes correlation between orbital angular motion of quarks and the 
spin of the proton e^*p Tp S TlT . This function exists due to the presence of Final State Interactions of the struck quark 
and the remnant of the nucleon after the interaction. 

Distribution of unpolarised quarks inside a transversely polarised nucleon can be written as 

f q / P t(x,pr) = h(x, P 2 T ) fM^pi f'^* Pt) , (8) 

here S ■ (P x px) is correlation between quark motion and the spin of the nucleon. The function that measures this 
correlation is Sivers function fyp. 

Sivers function is a natural candidate for "golden" observable at EIC as it incorporates the main features of TMD 
physics: it allows three-dimensional mapping of partons inside of the nucleon, it is related to spin-orbit correlations 
and gives access to Orbital Angular Momentum of partons and it represents non trivial color dynamics of QCD. 

This function obeys a modified universality, it changes sign from SIDIS to Drell-Yan [25| process f^p{x,p\) SIDIS = 
~frr(x, Pj<) DY i the prediction of change of sign based on color gauge symmetry and parity and time reversal invariance 
V,T of strong interactions. Experimental test of this relation is very important for our understanding of QCD. 

The asymmetry associated with Sivers effect is 

In Fig. g] we plot Sivers function extracted from the experimental data from HERMES H3 and COMPASS [Toj 
collaborations, in Fig. 0] we show a three dimensional parton distribution at x = 0.01, as can be seen from Fig. 2] the 
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FIG. 5: FitJH of pion HERMES [13 (left panel) and COMPASS [T(| data (right panel). 



distribution of partons in a transversely polarised hadron is not rotational symmetric, the distributions have dipolc 
deformation with respect to the "center" of the hadron. 

Fit[ll of HERMES [27| and COMPASS data for tt* is presented in Fig. [5] 
Conclusions 

TMDs describe spin structure of the proton. Experimental data from HERMES, COMPASS and BELLE collabo- 
rations allow extraction of Sivcrs function, transversity and Collins fragmentation functions. Future Electron Ion 
Collider will be a powerful tool to study partonic structure of the nucleon. Three-dimensional picture of partons in 
the nucleon is one of the main goals of EIC. Flavor decomposition of TMDs will be performed, sea quark and gluon 
TMDs will be probed and evolution of asymmetries and eventually TMDs themselves will be tested. Large Phx range 
will allow us to study interplay of collinear and TMD factorization schemes. 
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